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COMPLETE SPECIFICATION 

Improyements relating to the G>ating of Metal Articles witL 

Aluminium 



We, <7ENERAL AiorORS CORFORiTION^ a 

Con^jany inocHpoiated under die laws <£ tae 
State <^ Delaware in tiie Uiated States of 
America, of Grand Boulevard in the City of 
5 Detxo^ State of AAidugan, in the United 
States of America (Assignees <tf D£an Khe&lb 
Hamimk, Robekt FRANas l^oMSON and 
Albert Ackermam Shoudy, Jt.% do haeby 
declare the invention for whKh we pray that a 
10 patent majr be granted to us, and the mediod 
by which it is to be perf ozmed, to be particur 
Imy described in and by the following state- 
ment: — 

This inyention relates to methods of coating 
15 metal articles with aluminium or aluminium 
alloy to fomi on them a layer which is actually 
alloyed to the underlying metaL 

The word "aluminium" is hereinafter 
used to comiote commercially pure 

20 ahaminium and alloys <rf altHnjnmm. Primarily 
s\jch alloys are those which contain at least 
80% of commercially pure aluminium. 

The methods according to the invention 
involve no dipping of the artide into molten 
25 aluminium. They have been evolved for the 
purpose of coating the heads of poppet valves 
for internal combustion engines, espedaUy die 
seating surface erf the hezd^ aoad such surface 
may be the only part coated. Not only valves 
30 of ferrous maal m^cy be treated by the inven- 
tion, but also those of other metals; such as 
titanium or titaniimibase alloys, nickd-base 
alloys, and molybdenmn or alloys of it, so long 
as tiie valve metal does not have a very hi gh 
15 solubility in aluminium. 

Articles other than poppet valves may be 
treated if th^ are of convenient shapes and 
dzes. Examples are nuts and bolts, tubing, 
wire, woven metal fencing. 

The scope of the hxventkm is defined by 
the q)penaed daims; how die Invention may 
be carried out is partkcdarly dTescribed with 
reference to the accompanying drawing and in 
iS of the treatment of poppet ^ves. 
In the drawing: — 

Fig. 1 is a vertical devatsooai view of a 
[Frice 3s. 6d.} 
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poppet valve to be coated by one method; 

Fig. 2 is a photomicrograph of a section 
througji the valve seating face of a coated 
valve. 

In each instance the surfaces of die valve to 
be coated are prderahly. cleaned prior to the 
aluniinium coating and alloying operation. One 
satisfactory method is to dean them in a molten 
eiecttolytic caustic salt iior exangjle a osnmer- 55 
dally available product called Kdene) at a 
temperature of approximatdy 900* F. The 

valves then may be washed in water and there- 
after preferaHy further deancd by add 
pickling. An example of a suitable add 60 
pickling bath is an aqueous solution containing 
about 2% hydrofluoric add, 7% sulphnric add 
and 10% nitric add In some instances the 
valves may require only a simple d^easing 
treannent m a chlorinated solvent Mechanical 65 
deanmg meriiods, sudi as grit Uastin^ sand 
blasting etc., may be employed in some cases to 
supplement chemical treatment 

After the valves have been deaned, any por- 
tions there<rf whidh wiU be contacted by 70 
aluminiimi but which are not to be coated 
tiierd)y may be treated with an appropriate 
stop-off coating to prevent any alumfaunm from 
bonding to or alloying with the base metal at 
such surfaces. A suitable stop-off material for 7^ 

this purpose is a sodium siEcsOe SQlaiQii, such 
as an aqueots sdution containmg approzir 
matdy 20% to 50% sodium aUcate. This 
step is not essential however, and merdy 
omitting to degrease or ]»cide sdected areas go 
of the rslves will frequendy prevent flic 
aluminium from adhetiqg to these areas. 

The alununium with widdi tiic valve head 
is to be coated is dien applied to the valve, as 
aluminium powder applied as a paste or paint, 85 
or as a molten mttal spray. The latter is com- 
monly refetted to as metallized coating. An 
esampte of the ahumnium paste or paint which 
may be nse din accordance vridi tfic invention ' * 
IS a mtstore of ahtmtnimn powder widi suit- 90 
able amounts of a vdiide, sudh as low ash-con- 
tent lacquo: or rean solution liquid ludte or 
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Jhh drawing is a reproducUca of 
the Original on a reduced scale. 
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FIG. 2. 




thereof) which method comprises painting or 
spraying on to die article a coating of 
aluminiiimroontaining material, and then heat- 
ing the valve while the coating is in contaa 
b with a salt flux comprising : — 

37 to57%Ka 
25 to45%Naa 
8 to20%Na3AlF6 
0.510^% AlF, 



wherdjy the aluminium is caused to aill<^ with 10 

the surface. 

8. The method of forming an alloyed 
aluminium coating on a poppet valve sub^n- 
tially as hereinbefore particularly described 
with reference to the accompanying drawing. 

R WILLIAMSON, 
CSiartered Patent Agent 
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are sprayed against the valve. If molten metal 
spraying is employed, it is nomially desirable 
that the base mateiial have a relatively rough 
surface in order that the ahrmtninni will pro- 
9 perly adhere to it. 

In Fig. 1 the aluminium paste 16 is shov7ii 
applied as an annular layer which overlaps both 
the seating face 20 of the valve and a portion 
of its neck 14. 

10 The length of time the valve is permitted 
to remain in the salt bath for the purpose of 

. melting and distributing the aluminium is 
dependent upon die size and shape of the valve. 
In the case of typical poppet valves for internal 

13 combustion engines, a hatmg period of 
approximately one minute in the salt bath 
followed by a vibration period of one minute 
in the bath has proved to be highly satisf aaory. 
On the other hand, if die article to be coated 

20 is first heated in a fiimace or by other suit- 
able means before applying die alimiinfnm, the 
dippmg time in die salt can be appreckbly 
reduced. For example, such prdieating of a 
poppet valve to a temperature of 1000° F. or 

25 1100^ F, permits the use of a salt dip of only 
a few seconds duration. Hence, the dipping 
podod may be defined as that time required to 
• raise the article to be coated to a temperature 
between 1275° F. and 1400° F. 

30 The amounts and composition of the 
aluminium paste or the thickness of the 
aluminium applied to the valve governs the 
thickness of aluminium coating. Since the 
valve seating face nomially is the only portion . 

15 of the valve in which the aluminium coating 
layer thickness is critical, it is this area which 
determines whedier excess ahrmitinmi has been 
deposited. 

Iq some instances, however, it may be better 
40 to apply aluminium in an amount exceeding 
the quantity actually required as a coating layer 
because of difiSculty in distnbuting the metal 
over aU of die surfaces during the coating or 
alloying step. The excess coating metal may 
45 be removed by mechanical or pneumatic 
methods. 

In die photomicrograph diown in Fig. 2 the 
basemetd of the valve is indicated at 24, while 
26 indicates the alloy of ahmiinium vdth the 

50 base metal and 28 the outer layer of aluminium. 
If the valve is made of ferrous metal, the layer 
26 is a complex iron^uminium alloy. 

The aluminium-base metal alloy layer 26 
produced normally ranges from about 0.0005 

55 inch to O.OOIS inch in thickness, while the 
aluminium overlay 28 does not exa^ approxi- 
mately 0.004 inch. In the case of automobile 
poppet valves, it is preferred to have the outer 
aluminium layer between 0.0005 inch and 

60 0.0015 inch xbldk^ resulting in a combined 
thickness of die icon-alimiimnm alloy layer and 
the aluminhim overlay of sqqjroximately 0.001 
inch to 0.0025 inch. A coating layer of this 
thickness has demonstrated superior yiddin^ 

65 characteristics whea tiie vaive seating face is 



" pounded in " during service. Smafl depres- 
sions in die seating face of die valwe caused 
by engme dqx>sits which becanc kxlged 



between the valve seating face and valve seat 
during operation remain protected the sor- 70 
face alloy layer. 
When the flux is incorp 



m an 



aluminium paste applied to the artidc^ the 

ing die 



aluminium may be melted by ^ 

article or a portion thereof in a futnaBoe, or by 75 
flame heating or induction heating. la order 
to obtain a proper bond between die abmimum 

and base metal to be coated^ a redudqg (ff ioett 
atmosphere is required* 

When the article is heated outside a salt 80 
flux bath in die foregoing tummitj die 
aluminium should still reach a tanpoataie 
between 1275° F. and 1400** F. iq oorder to 
eff ectivdy coat tiie article. 
What we daim is: — 33 
1. The mediod of fonning on a metal artkie 
an aluminium coating alloyed to die surface 

itnig or 
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reof, which method ^ ^ ^ _ 

sprayi^ on to the artkie a co^ng' of 
aluminium-containing material, and dien heat- 90 
ing die article while die coating ^ in contact 
wiA a salt flux contaming potassmm chtoride, 
sodium chlodde, crydke, and afaiminium 
fluoride^ so diat the gliimtti^^iin » caused to 
alloy widi die smface. 95 

2. The method of forming on a metal artide 
an aluminium coating alloyed to the surface 
thereof, whidi method comprises pmnting or 
sprajong on to the artide a nrixture of 
al nminnTm- contaming material and a salt flux 100 
containing potassium chloride, sodhnn chloride, 
oyolitp, and altmiinium fluoride, and heating 
die artide so that the aluminium is caused to 
alloy with the surface. 

3. The method of forming on a maal artide 105 
an aluminium coatmg alloyed to die surface 
thereof, which mediod comprises painting or 
spraying on to^ the artide a coating of 
ahuninmm-oontaining material, and then 
immersiiig tiie artide in a molten salt flux con- 110 
taming potassium chloride, sodium chtoride;, 
cryolite and alummium fluoride, tiieid)y heat- 
ing the artide so that the alummium is caused 

to alloy witii surface. 

4. TTie method according to Qaira 1, 2 or 3, U5 
wherdn die salt flux consists of: — 

37 tD57%Ka 
25 to45%Naa 
8 tb20%Na3AlFe 
0-5 to 12% AlFa 120 

5. The method according to 



, , o — ■ 3, or 

caaim 4 is so far as appendant to Odm 3^ 
wherdn the artide is rapidly moved, as by 
vibration or rotation, whde immersed m die 

TECOL 

^ 6. The method according to Chum 4, where- 
in the temperature <rf the mohcn flux is 
between 1275** F. and 1400* F. 
7«Them^odoffo 
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a water solution rf salt flux. Kasahfiuxis 
mixed with the ahnmnium powder to constitDte 
the paste, it is advantageous to enqdoy a aii 
flux^ch is capable of fluxing^or deamng tiic 

i> stecL Hence an aqueous soluuon of the same 
sak whidi is used as die fluxing or heatmg 
badi hereinafter described may be ^vantage- 
ously employed as a vdiide for the 
powder. Thus the surface may be Itaxed by 

10 Se paste appfications alone; and m &at oj^ 
imn^on Smohen flux may be omitted, and 
the aluminium igelted by some other metnoa 

^F^^^e paste, or paint, good results are 
IS obtained when approximately 30% to 5U h oy 
vdumc of ahnninium P?w<ier, F^ter^^^ 
between 200 and 400 mesh, is mixed wim 10 % 
to 20% by vohnne of bmder soluttoa and about 
30^/. to 50% by volume of an ^ropnate 
thifflicr or sdrat. Acetone or <rfier com- 
mercial thimKis may be employed. Theabove 

ranges of the consriments in die paste comr 
poltion are not critical and a verywide van^^ 

^in the conmositiQn may be used to obtam 

2S sadsfeicmry xesims. . . , 

* ^aeaidaiioe widi one po^s^bicprocedur^ 

an ahmuDimn paste or pamt 
smfaces of ihe ^ wAich It IS deared to MM. 

A heatmg operation is tbereafter caaployed to 
30 mifemly «&ite the alnmimran wet ±e 
surfaces tt be coated and to secui^ bond ^ 

^ting to these surfaces. Afta ^ paste lus 
been allied » the vahe by lamting or spray- 
^t^valw is iaifflsrsed in a molten sah 
35 fl^ to a dqrth saffidfiiit to covet *e g^i?^ 
tiie portioS of the vdve tote ^ 
paste should be allowed to dry befiae mjmers- 
fcg the valve in the salt so M to avoid mtro- 

dudng volaiae matter into the hcftffllt 
40 R«f erring to the drawing, ffie jqpptt vaiyc 
^ 10 shown hi Fig. 1 is pr^c«Wy nnmeKedw 
the approxhnate depdi hidicated by djc brcto 
lineiA-a. In this posirion, the W K 
neck 14 of the valve, as wdl as *e J«s» 16. 
<a are completi^ bdow die surface of jnol^ 
^ Tte vahe is retained hi the sak ba^ to 
a period of time sufficient to pami the hot 

jTxa meh the alumHTif'^^JJI^ ^£ 
molten almninium to be distnbuted m a fflni 

50 layer over die surfaces of die valw » bec^ 
Satisfactory results are norm^y. "^^^ 
^WeBion period is of sufficient dt^ 
sodiat the nnmosed artide is at a temperature 

of at least 1275* F. for a few secmd^ sot up 
55 to approxunatdy 90 seconds. Pr^^ly hwf- 
CTet lie valve is tetamed in ^e s^.fo' 
15 seconds after it has reached tempaar 
STa heatmg and flindng pedrf m^e^ 

of about 45 seconds to 90 ^^^^^t^ 
^ It is preferred to use a fnsed alt badi «o- 
sisting, by might, of 37% to 57% KO, 25 >^ 
to45% Naa8% ~ 20% Na,AlF„ and 

a5%^S%AIFi: Snch -^Ss" 
be mahitanied at a temperature on275 F. to 

& 1400" F, a badi temperanire baween 1325 
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F and 1375' F. being die most desirable. 

"After the aluminium cm die valve has been 
mehed by unmersion in die salt badi, die valve 
should be rapidly moved, eg. rotatal or 
vibrated, to properly distribute the alummium .u 
over an die valve surfaces which it is desired 
to coat Rotarion or redprocaaon, parucu- 
larly ramd vertical osdUation, of die valve 
is effective in breaking die surface tension effect 
of die alununinm and causing of spreadmg Uie 
aUTT pinhim ovcr the valve surfeces. For 
examide, rotatioi of a poppit val^e at a r«e of 
150 rnm has peeved to be successful. How- 
ever, xMid rotation may distort die valve head, 
and mOTt satisfactory results arc produced if UO 
the flnxed valve havmg the coating of molten 
aluminitim thereon is rapidly redprocated m 
a cBiecdon Umptuduiany of the axis <tf valve 
stem 18. Rcdprocating moti«m havmg an 
amtditndc rf ^proximately i indi at a fre- » 
quaicy dp about 60 cydes per mmute is sans- 
f acta-y. Ampandes less dm 0.005 inch<s wiA 
a 60 cyde per second frequauq? may also be 
used, however, and produce excdlent rcailts. 
The agitation period need only be very stort, W 
from a few seconds to sdiout 90 seconds. 
Deaending upon die aze and con^ikaQr « the 

atS^ bdng coated widi alumumm^ an po- 
tion period between 5 seconds and 60 seconds 

is preferred. , . . 

Ahhough some distribution of die coating 
metal is posable if tiiis ariation occurs 
immediatdy after wididrawal rxfmj^ sSt 
badu it is best to agitate die valve ««iue soil 
immersed m die fused salt. Vibraion m air 100 
results m a somewhat more hr^M coatmg 
because of rapid cooling of die alunmium 
coating and is dieref ore not recommeaaca lor 
applications which require a very precise nt 
between the coated areas and matmg parts. ^ 

]f die alununium coating is suffiaently uni- 
form after agiation in the salt bath, the valve 
may be air cooled dirccdy after removal from 

the salt flux. It is preferaWe in most instances 
to ^Tcool the valve below 800* F. followed UO 
by a water quendi. If maximmn smoodiness 
of the aluminium coatmg is not of pmnc 
importance, the coated article may ^^^^"^ 
inwater before the aluminium has soudmecl. 
In any event die valve should be washed m 115 

water to remove adhering salt. . 

It diould be noted the salt has a fluxing 
acdon even though die areas of die valve to be 
coated are covered with alummitmipste ^ 
the valve is dipped into the salt flux. This 120 
oocors because die paste comprises^ a multi- 
plidiy of small globules ,^>^ch p^^^t 
to cxmtact die base metal to a samaait exceni 

^^ffiSSmwir»^ ^an applying a thick 125 
paste by means of a brush, die p^ may be 
aopfied m die form of a dmmer •'pamt by 
s^ymg. As a further altetnativ^ die 
alumimmn also may be applied as a metal s^y 
in which fine ^bule of hot oMlten dumimom 
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